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Aperture 


= Pinhole camera 
o Without lens 
o tiny aperture 
o no lens distortions 


o everything appears in focus 
* oo DOF 
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Aperture 


= Pinhole camera 
o Without lens 
o tiny aperture 
o no lens distortions 


o everything appears in focus 
e oo DOF 


= Photography camera 


o controllable 
aperture 


Large Aperture 
More light hits sensor 
Shallow depth of field 
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Aperture 


Large Aperture 


= Depth of Field 
o aperture l : DOF T 


Depth of Field 


Points of Best Focus 


Small Aperture 


Depth of Field 
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Aperture 


Large Aperture 


= Depth of Field 
o aperture } : DOF T 


= Shutter Depth of Field 
o optical ON OFF Points of Best Focus 


o motion T : speed T Small Aperture 


Depth of Field 


EE604: IMAGE PROCESSING sandhan@iitk.ac.in 


Sensors 


= Passive (self-generated sensors) 
> Not require external power 
o resistors 
o capacitors 
o inductors, transformers 
o antennas 
o diodes 
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Sensors 


= Passive (self-generated sensors) * Which are energetically more efficient? 
> Not require external power > Nature's choice 
o resistors 


o capacitors 

o inductors, transformers 

o antennas 

o diodes Bond wire 


Reflective cavity 


Cathode (-) 


= Active (parametric sensors) 
» Require external power 
o LED 
o solenoid 
o LiDAR 
o LCD 
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Active sensing 


= Precision 
e elevation 


mapping 


= Safety 
* autonomous 
driving (LIDAR) 
* leader? 


Tilting mirror 


Optical rotary 


encoder . 
Objects 


Servo motor = 
Optical rotary 
encoder 

Laser source 


Receiver 
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Active sensing 


PASSIVE SENSING 
ACTIVE SENSING 


" Precision o Energy Source 
A N 
* elevation Br d EA Er d 
1 Remote Sensor ambiing an ^ S Remote Sensor collecting Red, 
mapping IA ucraina "NM A A Green, Blue, NIR spectrum 
ża response off crop .. || 
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Image display 


= Active 
o LCD 


* twisted nematic liquid 


Backlight Housing 


TFT LCD .... 


* rotate the polarization 
of linearly polarized light 


o thin film transistors 


bs 
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o 
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LED Backlight 


Thin Film Transitor 


RGB Color Filter — 
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Light sensing elements 


= LDR ra 


o light dependent resistor LDR 
o cadmium sulphide (CdS) 

o long response time 

o alarm detector? 


Dark Night Average Bright 
Time Sunny Day Sunlight 


10° 
An 
£ 
3 | 
= ; Photocell 
b Resistance 
o me oe — 
D 
oe 
10 
Dark 0.1 Illumination (Lux) 1000 Light 
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Light sensing elements 


= Photodiode em, 
o usual PN junctions hi 8 
o more responsive to longer A (IR) | 


/, 
/ 


o response time: nanosec P yy 


o cameras, scanners, fax machines, A K 
light meters, DVD drives 7 kl 
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= Phototransistor 
o e.g. photodiode with inbuilt amp. 


o 100times more current gains 
than photodiodes 


o bipolar NPN transistor with 
optional base 


o opto-isolators, opto-switches 
fibre optics 
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Light sensing elements 


= Photodiode em 
o usual PN junctions hi «| EN 
o more responsive to longer A (IR) | è ME Vor (Re) 
4 p > 


o response time: nanosec Phy 


PO Vout 
o cameras, scanners, fax machines, A K Tr] Light 
light meters, DVD drives l 


u Phototransistor 
o e.g. photodiode with inbuilt amp. a 


o 100times more current gains | | 
than photodiodes | 


o bipolar NPN transistor with 
optional base 


Collector 
o opto-isolators, opto-switches ÉS 
fibre optics p 


Emitter 
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Light sensing elements 


= Photodiode cm, i 
o usual PN junctions hi B «| MAN 
o more responsive to longer A (IR) | è ui Van (RS) 
o response time: nanosec Hy, D 


PD Vour 
o cameras, scanners, fax machines, A K pm PM 
light meters, DVD drives 7 bl l 


u Phototransistor 
o e.g. photodiode with inbuilt amp. a 


o 100times more current gains | | 
than photodiodes | 


o bipolar NPN transistor with 


optional base Output 
. . sii Collector 
o opto-isolators, opto-switches ÉS 
fibre optics De 


Emitter 
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Signal amplification 


= High ISO 
o increased brightness sensitivity 
o better lowlight shots 
o reduced dynamics range 
o reduced color accuracy 


EE604: IMAGE PROCESSING sandhan@iitk.ac.in 


Signal amplification 


High ISO 
increased brightness sensitivity 
better lowlight shots 
reduced dynamics range 
reduced color accuracy 


EE604: IMAGE PROCESSING sandhan@iitk.ac.in 


Light focusing element 


= | ens 


o Lensmaker's eq 


Light focusing element 


= Lens 
o Lensmaker's eq 
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1 1 (n — 1)d 


—1 - A 
(i Ri Ro nRı Ro 


f is the focal length of the lens 
n is the refractive index 

Ri Ro radius of curvature 

d is the thickness of the lens 
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Light focusing element 


= Lens 
o Lensmaker's eq 


= Refractive index 
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1 1 1 (n-1)d 
= = (n-1) |= - > + => 
F Rı Ro nRı Ro 


f is the focal length of the lens 
n is the refractive index 

Ri Ro radius of curvature 
dis the thickness of the lens 


À, B: material constants. 
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Single lens 


= Chromatic aberrations 


o failure of lens to focus 
all colors to the same point 


o fringes of color at image boundaries 
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Double lens 


= Achromatic doublet 
o Littrow doublet : Ri = Ro, R3= —R, 


o Fraunhofer doublet: small air between R;, R3 


* more degree of freedom in design 


crown glass flint glass different tvpes 


of glass 


single focal point 


Achromatic Lens 
achromatic doublet 
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ASPHERIC 
SPHERIC 


DSLR (digital 


single line reflex 


Y 
E 
70 


Classic lens“ 
Biogon) for mirror- 
less camera 


b) 


Multi-Lens 


mirror-less 


system 


camera 


c) 


Modern lens' 


aspherical) for 


mirror-less camera 
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Cameras 


u Eagle Vs Hummingbird 


Front Rear 
Element Aperture Element 
Lens Lens 
Group Group 
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7 
IR-Filter 
Image sensor 
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High precision lens 


= Scientific and precision imaging 
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Image sensing 


= Array sensor Energy 
(LLL 


o 1D, 2D Filter 


$ Sensing material 
Power in 


Housing WA iri Voltage waveform out 
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Image sensing 


= Array Sensor Energy 
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Image sensing 


= Array sensor Energy 
MEME 


Sensing material 


Na Voltage waveform out 


Power in 


Housing 
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Image representations 
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Color sensing 


— —— Incoming Light 


— Filter Layer 


— Sensor Array 


— Resulting Pattern 
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Color sensing 


T. 
ii 


Incoming Light 


Estimate the color 


Filter Laver 


Sensor Array 


Resulting Pattern 
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Image representations 


image column s 


color image Flower 


image 
| row 
| A 
Ki 
AQ 
4 
ka - 
1=2 ħi 
A; RGB image RG image 
number of image rows: A 
number of image columns: K, - x P 
image dimension: / spatial position: (r,s) | D n E 
number of color channels: m image sample: x,,,,=[113,122,55] iI m=3 ET 


credit: K. Plataniotis 
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The Exposure 
Triangle 
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$ 


The Exposure 
Triangle 


Shutter Aperture 


ISO 


Cali "m mk 
KA 
Poe ) 
n , a 28 
e AS 
4 == 
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The Exposure 
Triangle 


Shutter 
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The Exposure 
Triangle 


295 OSZ/L 295 SZL/L 29509/1 2950E/L 22SS1/L 2958/L  335p/L 
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The Exposure 


Triangle 


019 OOcE 0091 008 OOTv 007 OOL 
295 OSZ/L 2295 SZL/L 9509/L 950E/L J9SSL/L 2958/L @SH/L 


O 


ISO x = 
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Conclusion 


- Camera systems 


- Image representation 
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Camera systems 
= Aperture 

= Lens 

= Shutter 


= Light sensors 


Conclusion 


Digital image representation 


- Camera systems » Grey 
= Color 
- Image representation = Matrix (tensor) 
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